Introduction
High quality surgery and perioperative care minimises preventable complications and improves the patient experience after surgery, lowering health care costs [1] [2] [3] [4] [5] [6] . Medical research, and in particular clinical trials, make an important contribution to these goals [7] . Outcome measures should be patient-centred [1, 4] , while simultaneously valid, reliable and clinically meaningful in order to inform best practice [8] [9] [10] [11] .
While postoperative complications occur too frequently, not all are serious and most can be managed to avoid early death or long-term patient harm [12] . It is unlikely that measuring complications alone fully captures the patient experience or eventual recovery after surgery. Collection and reporting of data on the quality of health care is expensive in terms of both time and resources [13, 14] .
Hospital length of stay, by itself, is an inadequate measure of the success of surgery [15] . Patients discharged too early or in poor condition are more likely to require re-admission [16] . Premature hospital discharge may also be associated with increased 30-day mortality [17] . These outcomes may be masked by a reported reduction in hospital length of stay. Conversely, perioperative complications prolong hospital stay.
Some major complications result in early death or patient discharge to a nursing facility. Surgical or serious illness outcomes leading to loss of the ability to live independently is a major concern for the elderly [18, 19] .
An ideal healthcare quality indicator should be valid, reliably collected, and also reflect the patient perspective [1] [2] [3] 9] . Avoiding extra days in hospital after surgery or acute illness is highly valued by most patients [4, [19] [20] [21] [22] [23] . Accordingly, home days, home-to-home days [24] , and days alive and out of hospital [25] [26] [27] [28] are related metrics that have been suggested to characterise the overall success of healthcare. We previously devised a modification of these metrics for the surgical setting, validating "days at home up to 30 days after surgery" (DAH 30 ) [29] . Our initial study was done in a single-centre in Australia, where we did not have complete and reliable data on post-acute care hospitalisation or longer term survival. In the current study, we aimed to demonstrate criterion and broader predictive validity of DAH 30, this time using Swedish national health system data.
Methods

Study Design and Participants
This was a multicentre cohort study using prospectively collected data from 21 Swedish hospitals. The study was approved by the Regional Ethics Committee of Stockholm, Sweden, which waived the need for informed consent from participants. We included patients aged 18 years or older who underwent elective or non-elective inpatient surgery. We excluded patients who were resident in a nursing home or other nursing facility immediately prior to surgery.
Data Sources
Data were obtained from Swedish hospitals that used the Orbit surgical planning system (EVRY, Stockholm, Sweden) from January 2005 to December 2014. Mandatory Orbit data include Swedish personal identity number, patient demographics, elective or non-elective status, type, extent and duration of surgery. The annual number of patients reported in Orbit at each participating hospital is detailed in e-table 1 in the online appendix. We further excluded patients lacking 30-day follow-up data, those with invalid surgery codes, and those in whom the Orbit coding did not match the code in the national inpatient registry (IPR) (Fig. 1) .
Orbit data were matched with the Swedish death registry and the National Inpatient Registry (IPR), using the unique 10-digit Swedish identity number assigned after birth or immigration [30] . The Swedish death registry includes the deaths of all Swedish citizens and residents with a national identity number; it is highly reliable with over 99% of all deaths recorded [31] . The IPR provided data on baseline health up to five years prior to the index surgery, allowing us to calculate the Charlson comorbidity index using ICD codes [32] . Additionally, the IPR contained index hospital admission and discharge dates, re-admission (and subsequent discharge) dates, and major complications following surgery. The IPR has high sensitivity for most surgical procedures, and current data suggest that the overall positive predictive value of diagnoses in the registry is approximately 85-95% [33] . The IPR provided data on hospital admission source and discharge destination, including whether patients were admitted from and discharged to their own home, another hospital or a nursing facility. No data were available on admission to a rehabilitation facility after surgery or any associated length of stay.
The American Society of Anesthesiologists physical status (ASA-PS) describes patients' baseline health prior to surgery, where I = a normal healthy patient, II = a patient with mild systemic disease, III = a patient with severe systemic disease, IV = a patient with severe systemic disease that is a constant threat to life, and V = a moribund patient who is not expected to survive without the operation [34] . The Charlson comorbidity index predicts 10-year mortality according to a patient's comorbid conditions; each condition is assigned a score of 1, 2, 3 or 6 depending on the associated risk of death [32] . The detection and reporting of complications was part of routine clinical care at each hospital and reported to the IPR in accordance with standard practice in Sweden. 30 and DAH 90 DAH 30 was calculated as previously described [29] . In short, DAH 30 is calculated from the date of index surgery (Day 0) using hospitalisation and mortality data. The date of surgery and hospital discharge date are used to calculate hospital length of stay (ignoring any days in hospital prior to the index surgery). If a patient died in hospital or after discharge on any day within the first 30 days after surgery, the patient is assigned 0 DAH 30 ; if a patient was discharged from hospital on Day 5 after surgery but was subsequently readmitted for 5 days before their second hospital discharge, then the patient would be assigned 20 DAH 30 . Postoperative days in a post-discharge nursing facility were not counted as days at home.
Calculation of DAH
Given that major postoperative complications may impact patients beyond day 30, we also evaluated days at home up to 90 days after surgery (DAH 90 ). Data on discharge destination were obtained from the IPR (e-tables 2 and 3 in the online appendix). We did not have data on the number of days spent in a rehabilitation facility before eventual
Research in context
Evidence before this study
In 2017, Myles and colleagues published a retrospective study of clinical trial data (7 trials, 2109 patients) demonstrating that the number of days at home within 30 days of surgery (DAH 30 ) was a valid outcome metric that integrates length of hospital stay, re-admission, discharge to a nursing facility, and death up to 30 days after surgery, and was associated with higher risk status and serious complications after surgery. However, this was a single-centre study with incomplete discharge destination data, and there was no longer-term follow-up.
Added value of this study
In this analysis of hospital and national healthcare registry data that included 636,885 adults undergoing elective and nonelective surgery, the number of postoperative days at home up to 30 days after surgery was lowest in patients at higher surgical risk and in those with complications. Patients with 8 days or less at home up to 30 days after surgery had a higher risk of death up to 1 year postoperatively when compared with those with 29 or 30 days at home (adjusted HR 6.78, 95% CI: 6.44-7.13). There was an incremental increase in 30-day complication rates, and decrease in 1-year survival, as days at home decreased.
Implications of all the available evidence DAH 30 is a valid and readily-obtainable generic patientcentred outcome measure. It is highly sensitive to comorbidity burden, differences in surgical risk, process of care outcomes, and impact of perioperative complications, and is associated with mortality up to 1 year after surgery. DAH 30 is an ideal, patient-centred outcome measure for perioperative clinical trials and quality assurance. In addition, DAH 30 , as numerical data, provides greater statistical power and so can reduce the sample size required to evaluate new treatments in perioperative practice. Future studies should elucidate the value of DAH 30 in surgical audit. discharge home, and as such only the hospital inpatient stay contributed to the calculation of DAH 30 and DAH 90 in this study.
Validity Testing
In the present context validity refers to whether DAH measures what it purports to measure: known associations with quality of care. DAH 30 clearly has face validity because of its composition and patientcenteredness. We thus focussed on assessing criterion validity, and tested DAH 30 in multiple ways: (i) association with known patient risk factors (age, ASA-PS, and Charlson comorbidity index); (ii) association with surgical risk factors (elective/non-elective status, duration and extent of surgery); (iii) association with process of care outcomes (length of stay, re-admissions, discharge destination); and (iv) association with clinical outcomes (major postoperative complications and 30-day mortality).
Predictive Validity
We evaluated predictive validity of DAH as a quality metric for longterm mortality after surgery. We correlated DAH 30 with one-year mortality, after excluding patients who died within 30 days of surgery and after adjustment for the patient and surgical risk factors detailed in Table 1 .
Supplementary Analyses
To further test the criterion validity of DAH 30 as an outcome metric, we undertook two supplementary analyses using proxies for high-quality versus poorer-quality perioperative care. Firstly, we compared DAH 30 in patients who had undergone elective open aortic aneurysm surgery to those who underwent endovascular repair. Endovascular repair has been shown to reduce short-term mortality [35] , complications [36] , and hospital length of stay [37] . We thus hypothesised that DAH 30 would be higher in patients undergoing endovascular repair compared to open repair.
Secondly, we compared DAH 30 in patients who had undergone elective hip or knee arthroplasty in two high volume specialised orthopaedic hospitals (Trelleborg County Hospital and Hässleholm County Hospital) to those who underwent the same procedures in a university hospital setting (the two sites of Karolinska University Hospital, Solna and Huddinge). Trelleborg and Hässleholm County Hospitals have similar perioperative care strategies, restricting admission to low-risk patients (a majority being ASA-PS 1 or 2) without serious comorbidity, thereby facilitating a very high degree of standardisation of care. Patients receive a standardised perioperative care pathway typically including admission on the day of surgery, regional anaesthesia and multimodal opioid-sparing postoperative analgesia. Mobilisation occurs within 2 h of surgery and patients are often discharged on the first or second postoperative day. In contrast, patients in the university hospital setting are a heterogeneous population with multiple comorbidities, often corresponding to ASA-PS 3 or 4. Further, the university hospital population contains patients referred from other hospitals due to preexisting coagulation abnormalities or the need for admission to intensive care after surgery. Consequently, patients at university hospitals receive more individualised perioperative care, including complex fluid management and more frequent blood transfusion. Duration of surgery is approximately 40% longer than at the specialised orthopaedic hospitals. We thus hypothesised that DAH 30 would be higher in the specialised orthopaedic hospital setting.
Additionally, we compared the statistical efficiency of DAH 30, hospital length of stay, 30-day mortality, and a composite of 30-day complications and mortality. We used the observed difference between elective aortic stent graft and open aortic surgery for each metric as a proxy for a clinically important improvement in surgical performance -a typical goal in surgical audit and quality improvement, or when evaluating new interventions in a perioperative clinical trial. A key aspect of clinical trial design is sample size calculation, and we used observed differences between both aortic surgery interventions to model this. For surgical audit, given that individual surgeons typically undertake only 2 to 5 specific major operative procedures each week, we modelled how long it would take before underperformance (poor outcomes) was detected if using an alert level of 1% (i.e. crossing a p b 0.01 boundary in a quality outcome analysis [38] ).
Statistical Analysis
Descriptive data are presented as medians with IQR or frequencies with proportions. The p values for difference in DAH 30 /DAH 90 by patient age, sex, ASA-PS, comorbidity, operation by organ type, and duration of surgery were calculated using Spearman correlations for ordered data and Kruskal-Wallis or Mann-Whitney for categorical data. Adjusted average DAH 30 and DAH 90 (i.e. hospital and calendar year) and adjusted differences with respect to covariates (i.e. presence of complications) were estimated by means of ANOVA. One-year mortality was analysed, restricted to patients alive at 30 days to avoid co-correlation, using Cox proportional hazard models; results are presented as hazards ratio (HR) with 95% confidence interval (CI). The HRs for 1-year mortality were adjusted for patient age and sex, comorbidity, ASA-PS, organ system, elective/acute and duration of surgery. Adjusted survival curves were estimated by the average covariate method by conditioning on the categorised DAH 30 variable. Non-proportional hazards with respect to DAH 30 were evaluated by estimating time-specific HRs for the periods 2-4 months, 5-7 months and 8-12 months. The lowest value for each variable was used as the reference. All analyses were performed using PROC PHREG, PROC GLM, PROC CORR and PROC NPAR1WAY using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
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Results
Study Population
We identified 1,125,434 eligible patients who underwent surgery at any one of the 21 hospitals in Sweden from January 2005 to December 2014; after exclusions, data on 636,885 operations among 488,160 patients were available for complete analysis (Fig. 1) . The median (IQR) age was 62 (43-74) years and 367,964 (57.7%) patients were female. A broad range of surgical procedures were represented and 208,041 (32.7%) procedures were non-elective (Fig. 1, Table 1 ). Overall, 13,551 (1.8%) patients died within 30 days of surgery, 26,349 (3.5%) died within 90 days and 55,709 (7.4%) died within one year after surgery. The discharge destination according to patient and surgical factors is reported in e- Table 1 30 and DAH 90 were significantly lower in elderly patients, those with significant medical conditions as measured by increasing Charlson Comorbidity Index, and at higher surgical risk (ASA-PS). The overall patterns for DAH 30 and DAH 90 in elective and non-elective subcohorts for the various surgical procedures did not differ from those in the whole cohort (e-tables 4 to 8 in the Appendix).
The associations between separate strata of DAH 30 and the incidence of major complications are reported in Table 2 . Lower DAH 30 was coupled with increased major complication rates in all strata; for example, the incidence of pneumonia ranged from 0 to 12.1% from highest to lowest DAH 30 strata. Patients with major complications had a substantially lower DAH 30 when compared to those without complications ( Table 3 ). The same patterns of associations were observed when analysing elective and non-elective patients separately (e-tables 9 to 12 in the Appendix).
Decreasing DAH 30 was significantly associated with a gradual increase in one-year mortality, after adjustment for all associated preoperative and intraoperative variables (Table 4 and Fig. 2 ) . Patients with DAH 30 ≤8 had a nearly 7-fold increased risk of death by one year, with a hazard ratio of 6.78 (95% CI: 6.44-7.13), accompanied by an incidence rate of 284.9 per 1000 person years. Similar patterns of results were obtained when analysing elective and non-elective patients separately (etables 13 and 14 in the Appendix). The risk of dying in those with low DAH 30 was most apparent in the first 4 months after surgery (e-tables 15a and 15b). A statistical frailty model, taking clustering into account, could not be performed on this large dataset due to lack of computational resources. Instead an analysis restricted to the first operation occurring in the dataset was performed (e-table 15b). This analysis reveals that the effect of decreasing DAH 30 is slightly stronger in the first operation (occurring in the database). Compared with hospital length of stay, DAH 30 had stronger prognostic utility for 1-year survival (e-table 16 in the Appendix). Increased hospital length of stay was associated with a higher incidence of hospital re-admission and one-year mortality (e- Table 2 Complications during the first 30 days after surgery and resultant days at home up to 30 days after surgery (DAH 30 ), including both elective and non-elective surgeries. shows that using DAH 30 as a quality metric requires far fewer patients to detect a clinically important difference between groups compared to 30-day mortality or a composite of 30-day mortality and complications (30 participants vs. 856 and 180 participants, respectively; e- Table 20 in the appendix). Using these data, a clinical trial enrolling 856 patients in each arm can detect a delta DAH 30 of 1·2 days with 90% power at a 1% significance level. To detect an outlier surgeon or surgical team (p b 0.01) in a publicly-reporting surgical audit program, based on treating 5 patients per week, such a difference would be detected after 6 weeks using DAH 30 , 42 months using 30-day mortality, and 9 months when using a composite of 30-day mortality and complications.
Discussion
We found that DAH 30 is a valid and easily-obtainable patientcentred outcome metric. While content (face) validity of this metric can be justified on the basis of previous work by others [4, [19] [20] [21] [22] [23] , our results demonstrate criterion validity from multiple perspectives, and importantly, also demonstrate predictive validity for one-year survival. DAH 30 is maximised when patients recover from surgery free of major complications, with early return of independence and ability to return home [2] . DAH 30 can be calculated from readily available data. It captures the impact of patient and surgical risk factors, process of care outcomes, and clinical outcomes; it therefore has ideal attributes as a clinical trial outcome measure and quality indicator [3, 39] .
Our 1-year survival analysis identified that the risk of dying in those with low DAH 30 was most apparent up to 4 months of surgery. Patients having less days at home after surgery have prolonged hospital stays and/or need for specialised nursing facilities for a reason, most often because of severe complications. However, if they survive their complications/primary surgical illness it seems they have a reasonable prognosis in the subsequent 5-12 months after surgery, suggesting this later phase reflects ongoing deconditioning and underlying chronic comorbidities.
In line with DAH 30, we found that DAH 90 was a similarly valid outcome-quality metric. Although some postoperative complications and poor survival manifest months after surgery [40] [41] [42] , we could not identify any apparent advantage with DAH 90 over and above DAH 30. Given the additional work and potential for missing data, we do not believe DAH 90 provides additional benefit over DAH 30 as a quality metric in the perioperative setting but may provide valuable information for non-surgical patients with chronic medical disorders.
We found that DAH 30 is a superior measure of quality of surgery and perioperative care over standard complication and mortality rates. It includes, and in a sense bypasses, otherwise undetected and/or unreported process of care issues and clinical outcomes. DAH 30 thus has the potential to uncover a hidden or systemic failure to detect or report clinical pathway deviations. This is particularly important in the frail or elderly patient, where even minor complications may have negative consequences for discharge readiness. However, discharge planning and other practice patterns vary across different hospital and country settings, and so DAH 30 should be interpreted with these in mind; Table 1 except operation by organ system (for Charlson Comorbidity Index, using the 1 year including cancer data).
statistical adjustment (for quality assurance [11] ) or random patient selection (in clinical trials) can account for such variation. High quality healthcare depends on trained, experienced and wellresourced staff, working within a team-based safety culture [43] . Deficiencies in any or many of these features will manifest as avoidable complications and failure to rescue [12] . Public reporting of accurate outcomes data is needed to help providers of healthcare remain accountable, and for informed decision-making by patients, families and primary care physicians [9, 44, 45] . However, reporting requires extremely large patient numbers to detect deficiencies in care if mortality is used as the outcome metric [44] ; it is costly, and could perhaps be better focussed [13, 14, 46] . Quality of life and disability-free survival are arguably better patient-centred measures of longer-term outcome after surgery than mortality [41, 47] . DAH 30 is ideally suited as an additional metric for this purpose.
There are many examples of substandard clinical practice by individuals [48, 49] , hospitals [50] , and perhaps countries [51] . Mortality rates are often used to detect divergence from acceptable clinical practice [44] , but as surgical mortality is very uncommon, deviations may not be detected until very late [12, 50, 52] . DAH 30 is a robust, readilyobtainable, and statistically efficient metric ideally suited for ongoing surveillance and hospital-level and public reporting. As individual hospital characteristics and case-mix independently affect ratings irrespective of quality of care [53] , DAH 30 should be risk-adjusted for benchmarking purposes [11] ; this is readily achieved.
Postoperative complications may be underdiagnosed and/or underreported. More importantly, the impact of such complications on patient recovery and survival is not always obvious when simply coded as dichotomous outcomes [54] . Some major complications, especially mortality, are rare, and so the ability to detect poor care or worse outcomes in a clinical trial is dependent on a large sample size. Similar issues have arisen in critical care research, for which 'ventilator-free days' and 'ICU-free days' are often reported [55] . Our supplementary modelling clearly demonstrates that DAH 30 can be used as an outcome measure to improve the efficiency of clinical research and earlier detection of poor care.
Given that a hospital bed day costs approximately $1800 in the US, DAH 30 is also an indicator of value-based care [6] . Hospitals in many countries are increasingly receiving a fixed reimbursement per episode of care according to the patient's diagnosis and perhaps comorbidities, regardless of hospital length of stay [56] . Hospitals may therefore minimise costs by implementing early discharge policies, with or without enhanced recovery pathways. Bundled payment models typically provide an incentive for early hospital discharge, but if patients and their families, or even nursing facilities, take on the burden of postoperative care too soon or in sub-optimal circumstances, there is an increased risk of unplanned readmission [56] [57] [58] .
This study has important strengths, primarily based on very detailed and complete surgical data across a large number of Swedish hospitals, including smaller regional institutions and large university hospitals. The overall coverage of the health care registries in Sweden uniquely allowed us to characterise preoperative comorbidities, patient risk factors and surgical risk factors, and to capture process of care outcomes, clinical outcomes and long term mortality outcomes. As such, generalisability should be high, at least in developed countries. This study has several limitations which can be individually addressed in future applications of our method. Hospital discharge may be delayed for a variety of reasons unrelated to complications or quality of care, and these and other factors such as varying availability of home-based care by qualified health care personnel may also affect re-admissions. Within individual centres or health systems, these factors are unlikely to change in the short-term and DAH 30 can be used for ongoing quality assurance. Between centres or health systems, as long as local practices are clearly described, DAH 30 can be used to compare outcomes across similar settings. Case-mix will affect DAH 30 and so we recommend it be risk-adjusted for bench-marking purposes [59] . The duration of time spent in a rehabilitation facility after discharge from hospital may not be recorded in most hospital record systems. Better integration of electronic records and data sharing could resolve this. "Home" in most situations refers to a person's usual place of abode; this could include residing with a family member or in a retirement village or nursing facility. Such variations need to be considered when designing a study or interpreting quality of care.
Conclusion
DAH 30 is a valid and readily-obtainable, generic, patient-centred outcome measure. DAH 30 accounts for major complications, prolonged hospital stay, discharge to any post-acute care nursing facility, postdischarge complications needing hospital readmission, and early death after surgery. Patients will spend more days at home in the first 30 days after surgery when effective and efficient care is provided. DAH 30 is therefore a valuable perioperative outcome measure in clinical trials and quality assurance.
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